Determinants of Carotid Plaque Instability: Echoicity versus Heterogeneity  by Tegos, T.J et al.
Eur J Vasc Endovasc Surg 22, 22–30 (2001)
doi:10.1053/ejvs.2001.1412, available online at http://www.idealibrary.com on
Determinants of Carotid Plaque Instability:
Echoicity versus Heterogeneity
T. J. Tegos∗, P. Stavropoulos, M. M. Sabetai, P. Khodabakhsh, A. Sassano and A. N. Nicolaides
Irvine Laboratory for Cardiovascular Investigation and Research, Department of Vascular Surgery,
Imperial College of Science, Technology and Medicine, St Mary’s Campus, Praed St, Paddington, London W2 1NY
Objective: to identify the echoicity and heterogeneity of carotid plaques associated with ipsilateral symptomatic and
asymptomatic neurovascular presentations.
Design: cross-sectional study.
Materials: a total of 113 patients, with 127 symptomatic and asymptomatic plaques, were studied.
Methods: the duplex images of the plaques were analysed echoically in a computer by means of Grey Scale Median
(GSM) [hypoechoic (low GSM), hyperechoic (high GSM)]. The presence or absence of at least two plaque regions within
the plaque area being echoically uniform (no variation of echoicity), occupying each at least 10% of the plaque area and
having GSM difference greater than the plaque GSM was evaluated to distinguish the heterogeneous (presence of this
pattern) from the homogeneous (absence of this pattern) plaques.
Results: the symptomatic status was associated with plaques of low median GSM (10.5) and 88% prevalence of the
homogeneous pattern as contrasted with the asymptomatic status that was associated with high median GSM (28) and
65% prevalence of the homogeneous pattern [(p=0.001 (GSM), p=0.003 (heterogeneity)].
Conclusions: symptomatic plaques were associated with hypoechoic and predominant homogeneous echo-pattern whereas
the asymptomatic ones were associated with hyperechoic and less predominant homogeneous pattern.
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Introduction aim was to identify in the heterogeneous plaques the
importance of the presence of the hypoechoic plaque
A follow-up analysis of the asymptomatic arm of the regions either adjacent to the arterial lumen (juxta-
luminal) or to the arterial wall (near-wall) in the de-Cardiovascular Health Study demonstrated that the
hypoechoic carotid plaque echo-pattern was associated velopment of neurovascular symptoms.
with 3.5% incident stroke rate, the isoechoic pattern
with 1.95% and the hyperechoic one with 2.67% at 3.3
years.1 A baseline analysis of the data from the same Materials and Methods
study demonstrated that the heterogeneous carotid
plaque echo-pattern was associated with 5.4% prevalent Patients and design of the study
stroke rate whereas the homogeneous one with 4.1%.2
Another cross-sectional study has demonstrated that One hundred and twenty-seven carotid bifurcation
in the heterogeneous plaques, the prevalence of the plaques (stenosis range: 40%–95%) from 113 patients
hypoechoic juxtaluminal plaque region was higher in (73 men and 40 women) with a mean age of 73 years
the symptomatic plaques (67%) than in the asympto- (range: 51–91 years), associated with amaurosis fugax
matic ones (33%).3 (n=29, 23%), hemispheric transient ischaemic attack
The aim of the present cross-sectional study was to (n=16, 13%), stroke (n=13, 10%) and asymptomatic
determine the relative significance of the echoicity and status (n=69, 54%) on the ipsilateral (to the plaque)
heterogeneity of carotid plaques in the development retinal or hemispheric side, were studied. Overall, 58
of ipsilateral neurovascular symptoms. An additional (46%) symptomatic carotid plaques were included in
the study. Each plaque and its ipsilateral retinal or
hemispheric side was treated as an independent case∗ Please address all correspondence to: T. J. Tegos, Neurology De-
partment, Hammersmith Hospital, London W12 0HS, U.K. (unit of the study) and defined the side of interest on
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each patient. Overall, 99 patients had a unilateral scanner (Advanced Technology Laboratories, Bothell,
Washington, U.S.A.). This entailed a haemodynamicplaque and 14 had bilateral plaques that were subjected
to analysis. The contralateral sides of patients not evaluation of the index stenotic vessel based on stand-
ard criteria.6 This evaluation was performed by oneincluded in the study (99 in number) had non-stenotic
asymptomatic carotid arteries. experienced operator (TJT) who was unaware of the
clinical profile of the patients at the time of the scanningRecruitment of patients was performed during their
duplex scanning in our vascular laboratory and relied and was fully familiar with the protocol of the grading
of carotid stenosis.upon referrals from medical, neurological and vascular
surgical clinics. The reason for referral was the in-
vestigation of carotid artery in the presence of either
a neurovascular symptom or a carotid bruit and no
Ultrasonic characteristics of carotid plaquessymptom. The selection of the material was performed
so that the symptomatic sides sustained the symptom
The methodwithin 6 months from their recruitment. The exclusion
Following duplex scanning (without magnification),of sides with symptoms sustained more than 6 months
capturing (with an S-video capturing device and fixedfrom recruitment was based on the fact that a plaque
capturing settings), digitisation and normalisation inmay change haemodynamically (stenosis) and echo-
a computer of the plaque images, their echoicity wasmorphologically (echoicity, heterogeneity) over a
evaluated by means of the Grey Scale Median (GSM,period of time. In the present study the intention was
a feature describing the overall plaque brightness) into “incriminate” the plaque under investigation for
the Adobe Photoshop program (version 3). The detailsthe development of symptoms. Asymptomatic sides
and the reproducibility of the method have been de-were considered those which had never been as-
scribed elsewhere.7 Hypoechoic plaques were as-sociated with an ipsilateral symptom. In the final
sociated with low values of GSM whereas hyperechoicanalysis, symptoms in vertebrobasilar system were
ones with high values of GSM.outside the scope of the study. The assessment of
Subsequently, the heterogeneity of the digital imagessymptoms was performed on presentation by a neur-
of plaques was evaluated in the computer. Hetero-ologist who was unaware of the duplex findings and
geneous plaques were defined as those having atwas in accordance with established criteria.4
least two regions within the plaque area being: (1)Patients with cardioembolic conditions: atrial fib-
topographically distinct (as evaluated visually), (2)rillation, aortic or mitral valve pathologies, recent (less
echoically uniform (no variation of the echoicity withinthan 6 weeks from the neurovascular event) myo-
the region on visual evaluation), (3) occupying eachcardial infarction, prosthetic cardiac valves and heart
at least 10% of the plaque area (as evaluated in thefailure, were excluded upon recruitment by a car-
Adobe Photoshop program, version 3, measuring thediologist, who was unaware of the duplex findings,
number of pixels included in the region under in-on clinical and electrocardiographic grounds.4 Lacunar
vestigation over the number of pixels in the plaquesymptomatology (pure motor hemiparesis, pure sens-
image) and (4) having GSM difference greater thanory stroke, motor-sensory stroke, ataxic hemiparesis,
the plaque GSM as evaluated in the Adobe Photoshopdysarthria-clumsy hand syndrome and absence of cor-
program (version 3) (one region being hyperechoic andtical dysfunction)4,5 and cerebral haemorrhage,4,5 diag-
the other hypoechoic, GSMhyperechoic region−GSMhypoechoicnosed upon recruitment by the same neurologist on
region>GSMplaque) (Fig. 1). Plaques not fulfilling the aboveclinical and brain CT grounds, were additional ex-
criteria were defined as homogeneous (Fig. 2).clusion criteria. Lacunae and cerebral haemorrhages
The selection of the arbitrary figure of 10% as theare not attributable to carotid atheroma.
minimum area for the region in the evaluation ofThese conditions (presence of a carotid plaque, ex-
heterogeneity was based on the fact that it was theclusion of cardioembolism, lacunar symptomatology
smallest area that the human eye could perceive easilyand cerebral haemorrhage) ensured the implication
in our material. In addition, the selection of theof carotid atheroma as the most likely cause in the
criterion that the two regions under investigationpathogenesis of the neurovascular symptomatology.
(hyperechoic and hypoechoic) should have GSM dif-
ference greater than the plaque GSM, was an attempt
Ultrasonographic evaluation: the grading of internal to consider the echoicity difference of the regions in
carotid artery stenosis the context of each plaque echoicity for standardisation
purposes.The severity of carotid stenosis was assessed on duplex
scanning upon recruitment, using the ATL HDI 3000 In case of presence of many regions of different
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Fig. 1. Heterogeneous plaque (number of pixels=1930, Grey Scale Median=39) with a hypoechoic region (A) (number of pixels=685,
Grey Scale Median=0) and a hyperechoic region (B) (number of pixels=544, Grey Scale Median=69). Both regions are larger than the
10% of the plaque area (number of pixels: 1930×10%=193) and their Grey Scale Median difference (69−0=69) is greater than the Grey
Scale Median of the plaque (39). Echoicity region difference, ERD: 69−0=0, % hypoechoic plaque region: 6851930=35%, % hyperechoic plaque





Fig. 2. Homogeneous plaque with a Grey Median Scale of 12.
echoicity within the plaque, the largest region of each A separate analysis was performed in the hetero-
geneous plaques to determine the presence of jux-category (hypoechoic, hyperechoic) was selected. In
case of presence of many large regions of equal size taluminal (adjacent to the arterial lumen) (Fig. 3) and
near-wall (adjacent to the arterial wall) (Fig. 3) hypo-of each category, the regions with the most extreme
GSM (lowest GSM in hypoechoic and highest GSM in echoic plaque region. In case the hypoechoic region
qualified for both categories (juxtaluminal, near-wall)hyperechoic) were selected.
The above mentioned method for the evaluation of it was considered as juxtaluminal. In addition, in case
a plaque included many hypoechoic regions of bothheterogeneity is a semi-quantitative one. It is based
on a visual identification of echoically uniform hyper- categories (juxtaluminal, near-wall), only the largest
one (as evaluated in the Adobe Photoshop, version 3,echoic and hypoechoic regions in the plaque area
(qualitative part), having (each) relative area more measuring the number of pixels in the hypoechoic
region over the number of pixels in the plaque image)than 10% of the plaque area and GSM difference
greater than the plaque GSM (quantitative part). The was considered in the analysis. In case a plaque in-
cluded two or more large hypoechoic regions of bothlatter constitutes the new element in the definition of
heterogeneity. categories (juxtaluminal, near-wall) having the same
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Fig. 3. Heterogeneous plaque (number of pixels=3290, Grey Scale Median=32) with a juxtaluminal (adjacent to the arterial lumen)
hypoechoic region (A) (number of pixels=342, Grey Scale Median=15), a near-wall (adjacent to the arterial wall) hypoechoic region (B)
(number of pixels=409, Grey Median Scale=10) and a hyperechoic region (C) (number of pixels=1184, Grey Scale Median=56). Only
the near-wall hypoechoic region (higher number of pixels as opposed to the juxtaluminal one) and the hyperechoic region were considered
in the analysis.
size, only the region with the lowest GSM was con- presentation by the same experienced operator (TJT)
who also evaluated the degree of stenosis.sidered in the analysis.
In the process of the evaluation of heterogeneity, Agreement of the visual and computer-based, semi-
four additional indices were calculated: the echoicity quantitative assessment of plaque heterogeneity
region difference (ERD), the percentage (%) hypo- The heterogeneity of the series of 127 plaques was
echoic plaque region, the percentage (%) hyperechoic evaluated by one experienced operator (TJT) visually
plaque region and the relative area region difference (first) and with the computer-aided semi-quantitative
(RARD). These indexes were applicable only to hetero- method (second) in the same session. In both eval-
geneous plaques. uations, heterogeneity was defined as described in
Echoicity region difference (ERD) was defined as Materials and Methods section. Kappa value of agree-
the GSM difference of the hyperechoic and hypoechoic ment was used in this comparison.
regions (Fig. 1). The percentage (%) hypoechoic plaque
Reproducibility of heterogeneity (computer-aided) andregion and the percentage (%) hyperechoic plaque
juxtaluminal and near-wall hypoechoic plaque regionregion were defined as the ratio of the area of the
The series of 127 plaques was evaluated by two in-hypoechoic and hyperechoic plaque region re-
dependent experienced operators (TJT, AS) and re-spectively divided by the plaque area (Fig. 1). Relative
evaluated by the first operator (TJT) at another timearea region difference (RARD) was defined as the
frame for the inter- and intra-operator agreement onabsolute value of the difference of the areas of hyper-
heterogeneity (computer-aided method) and the kappaechoic and hypoechoic regions divided by the area of
value of agreement was calculated.the plaque (Fig. 1). The evaluation of GSM and the
In addition, a series of heterogeneous plaques wasrelative areas (number of pixels in the regions divided
evaluated by the same two independent experiencedby the overall number of pixels in the plaque image)
operators (TJT, AS) and re-evaluated by the first op-were assessed in the Adobe Photoshop (version 3).
erator (TJT) at another time frame for the inter-operatorPlaques including or being included in an acoustic
(28 plaques) and intra-operator (30 plaques) agreementshadow were considered echomorphologically (echo-
on the presence of a juxtaluminal and near-wallicity, heterogeneity) analysable if more than 50% of
hypoechoic plaque region (computer-aided method)their area offered real acoustic information and only
and the kappa value of agreement was calculated.this section was subjected to echo-analysis (the number
of pixels in the analysable area was at least half of
the overall number of pixels in the plaque-image, Statistical analysis
as calculated in the Adobe Photoshop, version 3).
Otherwise, they considered as non-analysable. The statistical package SPSS for Windows (release 9)
was used for data analysis. The Mann–Whitney U-testThe above cited echo-analysis was performed on
Eur J Vasc Endovasc Surg Vol 22, July 2001
T. J. Tegos et al.26
was performed to distinguish the two clinical groups: that both GSM and heterogeneity were statistical pre-
symptomatic and asymptomatic, in terms of: (1) GSM dictors of the symptom (for GSM: p=0.018, regression
and stenosis in the population of 127 plaques and (2) coefficient: 0.017, odds ratio: 1.01, 95% confidence in-
ERD (echoicity region difference), RARD (relative area terval for the odds ratio: 1.003–1.032 and for the hetero-
region difference), percentage (%) hypoechoic plaque geneity: p=0.004, regression coefficient: −1.383, odds
region and percentage (%) hypoechoic plaque region ratio: 0.25, 95% confidence interval for the odds ratio:
in the population of 31 heterogeneous plaques (com- 0.097–0.645).
puter-aided method). Chi-square test (two-sided) was Upon considering the GSM and homogeneity of
used to establish the association between (1) hetero- the plaques (computer-aided method) as independent
geneity (computer-aided) and neurovascular symp- variables and the presence or absence of neurovascular
toms, (2) heterogeneity (computer-aided) and GSM. symptomatology as the dependent variable, binary
Fisher’s exact test (two-sided) was performed to estab- logistic regression analysis (enter method) dem-
lish the relationship between: (1) the juxtaluminal or onstrated that both GSM and homogeneity were stat-
near-wall hypoechoic plaque regions and (2) neuro- istical predictors of the symptom (for GSM: p=0.018,
vascular symptoms. Logistic regression analysis was regression coefficient: 0.017, odds ratio: 1.017, 95%
performed to evaluate the value of each variable (GSM, confidence interval for the odds ratio: 1.003–1.032 and
computer-aided heterogeneity and homogeneity) in for the homogeneity: p=0.004, regression coefficient:
the statistical prediction of the symptoms. Kappa stat- 1.383, odds ratio: 3.987, 95% confidence interval for
istics were used for: (1) the comparison of the visual the odds ratio: 1.55–10.26).
and computer-aided method for the assessment of As it can be seen in the two previous paragraphs,
heterogeneity, (2) the inter- and intra-operator agree- homogeneity (computer-aided method) demonstrated
ment on heterogeneity (computer-aided method) and the strongest association with the symptom (highest
(3) the agreement on the presence of juxtaluminal and odds ratio and 95% confidence interval for the odds
near-wall hypoechoic plaque region (computer-aided ratio most distanced from 1), as compared with GSM
method) between and within operators. The accepted and heterogeneity.
level of statistical significance was 5%. In the population of heterogeneous plaques (com-
puter-aided method) (n=31), the prevalence of the
juxtaluminal hypoechoic region was 21/31 (68%). TheResults
prevalence of the juxtaluminal hypoechoic region in
the symptomatic group was 7/7 (100%) whereas inThe median stenosis in our material was 70% (range
the asymptomatic group was 14/24 (58%) [Fisher’s40%–95%) and the interquartile range 35. The median
exact test (two-sided), p=0.066] (Table 2).stenosis in the symptomatic plaques was 80% (in-
In the heterogeneous plaque group (computer-aidedterquartile range: 40) and in the asymptomatic ones
method) (n=31), the median echoicity region dif-was 70% (interquartile range: 30) (Mann–Whitney U-
ference (ERD) was 82 (range: 32–117) and the inter-test: 1733.5, p=0.19).
quartile range was 45. The median ERD in theThe median GSM in our material was 21 (range:
symptomatic plaques was 56 (interquartile range: 58)0–99) and the interquartile range 48. The median GSM
and in the asymptomatic ones was 84 (interquartilein the symptomatic plaques was 10.5 (interquartile
range: 33.25) (Mann–Whitney U-test: 72, p=0.57).range: 36) and in the asymptomatic ones was 28 (in-
In the heterogeneous plaque population (computer-terquartile range: 42) (Mann–Whitney U-test: 1346, p=
aided method) (n=31), the median percentage (%)0.001) (Fig. 4).
hypoechoic region was 0.26 (range: 0.12–0.7) and theThe prevalence of heterogeneous plaques (com-
interquartile range 0.14. The median percentage (%)puter-aided method) in the present material was 31/
hypoechoic region in the symptomatic plaques was127 (24%) and of homogeneous ones was 96/127 (76%).
0.26 (interquartile range: 0.31) and in the asymptomaticThe prevalence of homogeneous plaques in the symp-
ones was 0.27 (interquartile range: 0.14) (Mann–tomatic group was 51/58 (88%) and in the asympto-
Whitney U-test: 83, p=0.96).matic group was 45/69 (65%) [chi-square test (two-
In the heterogeneous group of plaques (computer-sided): chi square=8.81, df=1, p=0.003] (Table 1).
aided method) (n=31), the median percentage (%)Binary logistic regression analysis (enter method)
hyperechoic region was 0.15 (range: 0.1–0.54) and theconsidering the GSM and heterogeneity of plaques
interquartile range 0.12. The median percentage (%)(computer-aided method) as independent variables
hyperechoic region in the symptomatic plaques wasand the presence or absence of neurovascular symp-
tomatology as the dependent variable demonstrated 0.13 (interquartile range: 0.05) and in the asymptomatic
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Fig. 4. Neurovascular presentation versus plaque Grey Scale Median (GSM).
Table 1. Heterogeneity in the symptomatic and asymptomatic and heterogeneity (computer-aided method), the GSM
plaques (computer-aided method).
range (0–99) was divided into five equidistant seg-
Neurovascular Heterogeneity ments (0–19, 20–39, 40–59, 60–79, 80–99) and the pre-
presentation valence of heterogeneous and homogeneous plaques
Heterogeneous Homogeneous Total
was evaluated. The results are summarised in Table 3
Symptomatic 7 (12%) 51 (88%) 58 [chi-square test (two-sided): chi square=11, df=4, p=
Asymptomatic 24 (35%) 45 (65%) 69 0.024].Total 31 96 127
As to the agreement of the visual and computer-
Chi-square test (two-sided): chi square=8.81, df=1, p=0.003. aided evaluation of plaque heterogeneity, the series of
127 plaques was assessed by one experienced operator
Table 2. Hypoechoic region in the symptomatic and asymptomatic (TJT) in the same session, initially visually and sub-
heterogeneous plaques (computer-aided method). sequently with the computer-aided, semi-quantitative
method. The results were moderate (kappa value ofNeurovascular Hypoechoic region
presentation agreement=0.63, standard error=0.076, 95% con-
Juxtaluminal Near-wall Total fidence interval=0.48–0.77).
Symptomatic 7 (100%) 0 (0%) 7 Regarding the reproducibility for the evaluation of
Asymptomatic 14 (58%) 10 (42%) 24 heterogeneity (computer-aided method), 127 plaques
Total 21 10 31
were examined by two independent operators (TJT,
Fisher’s exact test (two-sided), p=0.066. AS) for the inter-operator agreement and re-examined
by the first operator at a different time frame for the
intra-operator agreement. The results were satisfactoryones was 0.18 (interquartile range: 0.12) (Mann–
(for the inter-operator agreement: kappa value ofWhitney U-test: 50, p=0.11).
agreement=0.76, standard error=0.0066, 95% con-In the population of the heterogeneous plaques
fidence interval=0.63–0.88 and for the intra-operator(computer-aided method) (n=31), the median relative
agreement: kappa value of agreement=0.87, standardarea region difference (RARD) was 0.1 (range: 0.01–
error=0.049, 95% confidence interval=0.78–0.97).0.57) and the interquartile range was 0.15. The median
As to the reproducibility for the presence of jux-RARD in the symptomatic plaques was 0.12 (in-
taluminal and near-wall hypoechoic plaque region,terquartile range: 0.25) and in the asymptomatic ones
a series of heterogeneous plaques (computer-aidedwas 0.092 (interquartile range: 0.11) (Mann–Whitney
method) were examined by the same two independentU-test: 69, p=0.5).
Regarding the relationship between the plaque GSM operators (TJT, AS) for the inter-operator agreement
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Table 3. Relation of plaque GSM and heterogeneity (computer-aided method).
Heterogeneity GSM
0–19 20–39 40–59 60–79 80–99 Total
Heterogeneous 12 (19%) 10 (45%) 7 (37%) 2 (12%) 0 (0%) 31
Homogeneous 51 (81%) 12 (55%) 12 (63%) 15 (88%) 6 (100%) 96
Total 63 22 19 17 6 127
Chi-square test (two-sided): chi square=11, df=4, p=0.024.
(28 plaques) and again by the first operator (TJT) at a ation of carotid plaques, demonstrated that the neuro-
vascular symptomatology is associated with a homo-different time frame for the intra-operator agreement
(30 plaques). The results were excellent (for the inter- geneous echo-pattern.9,23 Their results are in agreement
with the present study.operator agreement of the juxtaluminal hypoechoic
plaque region: kappa value of agreement=1, standard The above relationships (echoicity and computer-
error=0, 95% confidence interval=1–1; for the intra- based heterogeneity versus neurovascular symptom)
operator agreement of the juxtaluminal hypoechoic were verified in the logistic regression model which
plaque region: kappa value of agreement=1, standard demonstrated that: (1) homogeneity as opposed to
error=0, 95% confidence interval=1–1; for the inter- heterogeneity (lower odds ratio and 95% confidence
operator agreement of the near-wall hypoechoic interval less distanced from 1) (as far as the distribution
plaque region: kappa value of agreement=1, standard of grey shades in the plaque area, as perceived by the
error=0, 95% confidence interval=1–1; and for the human eye, is concerned) and (2) GSM (as far as the
intra-operator agreement of the near-wall hypoechoic overall brightness is concerned) of the plaques were the
plaque region: kappa value of agreement=1, standard statistical predictors of the neurovascular symptom.
error=0, 95% confidence interval=1–1). Indeed, Geroulakos et al.,24 in a cross-sectional study,
and Langsfeld et al.,25 in a follow-up study, both using
the Gray-Weale classification26 for the plaque char-
acterisation (Type 1 plaques: dominantly hypoechoic,
Type 2 plaques: substantially hypoechoic with smallDiscussion
areas of hyperechoicity, Type 3 plaques: dominantly
hyperechoic with small areas of hypoechoicity, TypeThe current study demonstrated that the hypoechoic
4 plaques: uniformly hyperechoic and homogeneous),carotid plaques are likely to be associated with ipsi-
demonstrated that the hypoechoic and homogeneouslateral neurovascular symptomatology and the hyper-
plaques (Type 1) are more likely to be associatedechoic ones with an ipsilateral asymptomatic status.
with (Geroulakos’s study)24 of to produce (Langfeld’sThis result was verified in cross-sectional studies of
study)25 a neurovascular symptom, as compared withsymptomatic and asymptomatic plaques8–14 and follow-
the hyperechoic and heterogeneous plaques (Types 2up studies of asymptomatic individuals with carotid
and 3).atherosclerotic disease having the development of
Regarding the effect of the juxtaluminal and near-stroke as an end-point.1,15,16 One possible explanation
wall hypoechoic plaque region on the development ofmight be that the hypoechoic carotid plaques tend to be
the neurovascular symptoms in the heterogeneousmore embologenic, as suggested in a previous study.17
plaque group, our analysis has shown a high pre-In addition, the present study demonstrated that
valence of the juxtaluminal hypoechoic plaque regionthe symptomatic carotid plaques tend to be more
in the symptomatic group (100%) and a 58% andhomogeneous as compared with the asymptomatic
42% prevalence of the juxtaluminal and near-wallplaques. This result comes in disagreement with pre-
hypoechoic plaque region respectively in the asympto-vious cross-sectional2,18–20 and follow-up studies21,22
matic group (Table 2). This result though has notwhich supported that the heterogeneous carotid
reached statistical significance probably due to theplaque echo-pattern is associated with a neurovascular
small size of the sample examined (n=31). Followingevent. The discrepancy might be due to the fact that
similar lines, Pedro et al.3 demonstrated an associationin the previous studies, heterogeneity was defined
(with statistical significance) between the presence ofvisually as opposed to the computer-based, semi-quan-
the juxtaluminal hypoechoic plaque region and thetitative, strictly defined method of the present study.
neurovascular symptom in a sample of 38 hetero-Indeed, previous studies from our laboratory with
a computer-aided approach to heterogeneity evalu- geneous plaques.
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In the current study, the echoicity region difference and hypoechoic plaque regions and will allow varying
size to these regions (greater or less than 10% of the(ERD) was found to be lower in symptomatic hetero-
plaque area), in order to achieve the best statisticalgeneous plaques than in the asymptomatic plaques
separation of the symptomatic and asymptomaticbut this relationship did not attain a statistical sig-
plaques. It might also be interesting to apply thisnificance. El-Barghouty et al., following similar lines,
methodology to large prospective natural history stud-reached a statistical significance in a larger sample of
ies of asymptomatic patients with carotid plaquesplaques.9,23
having as an end-point the development of strokeThe percentage (%) hypoechoic plaque region, per-
attributable to carotid atheroma.27 The end result willcentage (%) hyperechoic plaque region and the relative
be a better refinement of the criteria for carotid en-area region difference (RARD) failed to separate the
darterectomy which will offer benefits both to thesymptomatic and asymptomatic plaques. Pedro et al.3
vascular specialists and to the patients.reached the same position as regard to the percentage
(%) hypoechoic plaque region.
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